Abstract : The NMR detection of methyl groups is of keen interest because they provide the long-range distance information required to establish global folds of high molecular weight proteins. Using longitudinal 1 H relaxation optimization, we achieve a gain in sensitivity of approximately 1.6-fold in the methyl-TROSY and its NOESY experiments for the 38 kDa protein mitogen activated protein kinase p38 in its fully protonated and 13 C and 15 N labeled state.
optimization is more favorable for large molecules than small molecules, we apply the principle to the methyl-TROSY experiment for relatively large protonated and 13 (LROM-TROSY) to make the purpose clearer. Since the sensitivity gain in the overall methyl region is a major concern, we optimized parameters of the selective pulses and the recycling time using the 1D version of the pulse sequence by setting t 1 to 0 (Figure 1a) . The validity of the 1D optimization was confirmed by comparing magnetization build-up curves using the 1D optimization with those at a field strength of γB 1 = 1562 kHz during the acquisition. was -1 ppm. Acquisition parameters are identical to those described in Figure 1 . The plotted data points correspond to the sum of the intensities measured for 20 well-resolved methyl cross peaks in the 2D spectra.
RESULTS AND DISCUSSION
Sensitivity enhancement of the LROM-TROSY spectra of the MAP kinase p38, compared with the conventional methyl-TROSY, was 1.6 on average (Figure 3 due to the increase of the number of scans by reducing the recycling delay. A slightly lower sensitivity gain than the theoretical value, which was observed in some peaks, may be caused by non-fully relaxed spins during the recycling periods. However, several peaks showed more than 2-fold gain in sensitivity with the maximum gain of 3. This result was expected because of the following: even though the recycling delay in the conventional spectra is much longer (~1.2 s) than the one of the LROM-TROSY (~0.4 s), the Boltzmann steady-state magnetization of methyl protons may not be fully reached in the conventional experiment. Furthermore, the cross relaxation from non-methyl protons reduces the sensitivity of the conventional experiment. However, in the LROM-TROSY experiment, the effect is used to restore the equilibrium magnetization and results in a sensitivity gain. Thus, the protons that are surrounded by other protons will recover more quickly to the equilibrium magnetization. Protons in the hydrophobic core of the protein show better sensitivity enhancement than those on the protein surface. This was indeed observed in the spectra of 15 N, 13 C double-labeled ubiquitin and rabphilin 3A C2A domain (data not shown).
Distance restraints derived from methyl-methyl NOEs are a critical source of structural information for the determination of global folds of large proteins in solution.
Therefore, we have extended the longitudinal 1 H relaxation optimization to NOESY experiment (Fig. 1b) . In order to suppress spin diffusion between methyl and non-methyl protons, a selective 180 o pulse for methyl protons is applied in the center of the NOE mixing period (Zwahlen et al. 1994 ). For the MAP kinase p38 protein, the overall sensitivity gain is on average 1.7 for the NOE cross-peaks (Fig. 4) . This gain is similar to the sensitivity gain of the LROM-TROSY. Fig. 3 . Comparison of sensitivities between (a) the conventional methyl-TROSY and (b) the LROM-TROSY (Fig. 1 a) ) spectra of the uniformly 13 anticipate that proteins prepared with the SAIL technique will benefit from this experiment (Kainosho et al. 2006 ). In addition, we anticipate that the LROM-TROSY method can also be used to probe slow protein dynamics. We thus expect that the LROM-TROSY will play a key role for high-quality structure determination of large fully protonated or SAILproteins and for studying the dynamics of their molecular cores. 
